ABSTRACT: A simple solid state reaction route has been proposed to synthesize ZnS nanoparticles with a good stoichiometry and thermal stability. In this method, ZnS nanoparticles were prepared by dry mechanochemical (DMC) reaction of zincacetate and thioacetamide at room temerature. Four samples were prepared by varying the molar ratio of thioacetamide while retaining the zincacetate content, to synthesize ZnS nanoparticles with a good stoichiometry. The samples were annealed at 450 0 C in the presence of air . The prepared samples were characterised by X -ray diffraction (XRD), Scanning electron microscopy (SEM), and Energy dispersive X -ray analysis (EDX). The results confirm that the synthesized particles were ZnS with Zinc blende phase and have a good thermal stability in the presence of oxygen. A better stoichiometry is obtained when the molar ratio of zincacetate and thioacetamide is 1 : 1.1 Optical characterization was done on one of the samples by observing UV -Visible and Photoluminescence spectra. The UV-Visible transmission spectra indicates that the synthesized ZnS nanoparticles serve as a good absorber of UV radiation and the optical band gap of the synthesized sample is found to be 3.67eV.
INTRODUCTION
ZnS is a commercially important II-VI semiconductor, with a wide optical band gap (3.77ev ) that makes it a very attractive material for optical applications, potentially so in nanocrystalline form. Not many investigations on ZnS nanoparticles have been reported, in spite of the possibilities of its wide range of applications. There are various methods to prepare nano-sized particles of this semiconductor. A few of them are precipitation in aqueous and organic media, thermal decomposition, hydrothermal synthesis and sol-gel method [1] . The complexity of some of these methods justifies the need to develop a new method. L.P.Wang and G.Y.Hong developed a new solid state method by which zinc sulphide nanoparticles can be obtained by the solid state chemical reaction of zinc acetate with thioacetamide at low temperature [2] . This method has been adapted in the present work and DMC [3, 4] synthesis procedure was used to produce nano ZnS. The entire experiment was performed manually at room temperature using mortar and pestle. Further, the method is simple and can be easily scaled up.
SYNTHESIS OF ZnS NANOPARTICLES
The chemicals (MERCK) used in the present work, Zinc acetate [Zn (CH3COO)2] , and Thioacetamide [CH3 CSNH2] were the source of Zinc and Sulphur respectively. A mortar and pestle arrangement was used for the purpose of grinding. Zinc acetate and Thioacetamide were taken in four different ratios with variations in the molar concentration of the Thio acetamide while maintaining molar concentration of Zinc acetate and were ground to form ZnS. Table 1 shows the molar ratio and the appropriate amount of zinc acetate and Thioacetamide used for the synthesis of each sample. Zinc acetate and thioacetamide were taken in the ratio 1:0.8 and ground by hand using mortar and pestle. After a few minutes of grinding, the parent ingredients mix to become a paste and smell of acetic acid could be sensed. The grinding was continued till the acetic acid evolution stopped and a fine powder was obtained as the product. The grinding time required was 90 minutes. The powder was then annealed at 450 0 C for 1 hour in a muffle furnace . The sample was cooled down to room temperature and finally ground for another 10 minutes to obtain the product as fine powder. This is named as sample 1. The ZnS nanoparticles may have formed through the following reaction, Zn(CH3COO)2 + CH3CSNH2 → ZnS + CH3COOH↑ + H2O↑ Appropriate amounts of Zinc acetate and Thioacetamide were taken as mentioned in the table 1 for the preparation of the remaining three samples. The samples prepared with the ratios 1:0.9, 1:1 and 1:1.1 were named as sample 2, sample 3 and sample 4 respectively. All the four samples were characterized by XRD, SEM, EDAX. The sample with best stoichiometry was further characterized with UV and PL to calculate the band gap energy and to study the optical emission of the sample.
CHARACTERIZATIONS XRD ANALYSIS
The X-RAY diffractograms of all the four samples were recorded using Guiner powder diffractometer (SAIFERT BYZ 202 MODEL). The intensity versus 2θ graph was recorded using CuKα (1.54A 0 ) as the source. The X-ray diffraction patterns of ZnS nanoparticles are shown in figure 1a, 1b, 1c , and 1d respectively. The diffraction peaks obtained for all samples are shown in the table 2. For all the samples prepared, three predominant peaks were observed. The 2θ values corresponding to the peaks when compared with the JCPDS datacard no.65-1691 for cubic ZnS confirmed that the peaks are due to the diffraction from planes (1 1 1), (2 2 0), and (3 1 1) respectively. This indicates the formation of cubic phase ZnS. Also, comparison of X-Ray diffractograms with standard JCPDS data card no. 39.1363 of Wurtzite phase ZnS confirmed the formation of two less intense peaks corresponding to diffraction planes (0 0 2) and (1 0 1) nearer to the the peak at (111).These peaks indicate the beginning of transition of cubic phase to Wurtzite phase. This transition is natural as the samples have been subjected to annealing at 450 0 C [5] . Also the X-ray diffractogram for one of the samples [ sample 3] before annealing was recorded to observe the diffraction peaks, which is shown in Figure 1e . This diffractogram when compared with the annealed samples does not reveal any additional peaks except the three predominant peaks corresponding to the cubic phase of ZnS. This confirms that the two additional less intensity peaks have arised on account of annealing. Further, the broader peaks in XRD pattern indicate that the particles have small size [6] . The average crystallite size was calculated from the full width half maxima of the diffraction peaks using the Scherrer formula [7] . The average crystallite size calculated for all predominant diffraction peaks are shown in the table 2.
The average crystallite size of the prepared ZnS nanoparticles calculated from XRD seems to increase with increase in molar concentration of the sulphur source. This is in confirmation with the observed XRD patterns that broader peaks are observed as the molar ratio of sulphur source is decreased. 
SEM OBSERVATIONS
The surface morphology of the synthesized ZnS nano powders were analysed by scanning electron microscope [HITACHI model]. Figures 2a to 2d display the surface morphology of all the four samples. The SEM image reveals that the crystallites have almost uniform size and shape. The particles are seen agglomerated. This may be due to thermal treatment given to the sample. From the SEM image it is seen that the crystallites have spherical morphology. 
EDX ANALYSIS
The chemical composition of the synthesized samples using The EDAX (HITACHI S-4800) data for all the four samples are shown in Table 3 . The zinc and sulphur molar ratio determines the composition of the product. It may be seen that the stoichiometry is near perfect for sample 4( molar ratio of source ingredients -1: 1.1). 
OPTICAL PROPERTIES

UV -VISIBLE ANALYSIS
The optical absorption measurements of the synthesized ZnS sample 4 was studied in the wavelength range 200 to 900 nm using UV -Visible spectrophotometer. The UV -Visible spectra obtained for the sample is shown in figure 3 . The UV -Visible spectra reveals that ZnS in nano form is a good absorber of UV -Visible radiation. Also the optical band gap energy determined from the dA/dE vs E plot for the sample is found to be 3.67 eV. 
PHOTOLUMINESCENCE [PL] STUDY
The Photoluminescence study was carried out on sample 4 using Jobin Yvin Flourog 3-11 Spectrofluorometer at room temperature. The PL spectra obtained for the sample is shown in fig 4. FIGURE.4 PL spectrum of sample 4
The PL spectra recorded at room temperature with an excitation wavelength of 300nm revealed weak emission peaks centered around 350 nm, a high intense peak around 425nm and weaker peak at 570nm. The emission peak around 350nm can indicate exciton recombination [8] . The PL peak centered around 425nm has been known due to the recombination between the sulphur -vacancy -related donor and the valence bond [9] . The weak orange emission peak at 570nm may have originated from transitions due to deep -level defects [10] . 
UV -Visible graph
CONCLUSIONS
Zinc Sulphide nano powder has been synthesized via a simple dry mechanochemical method. The experiment has been repeated with differences in the molar concentration of one of the parent ingredients. XRD confirms the formation of nano ZnS with Zinc blende structure. The average crystallite size increases as the ratio of Thioacetamide increases. The surface morphology of the sample analysed using SEM reveals agglomeration of nano particles with a spherical morphology. Further, EDX data reveals that good stoichiometry of Zinc and Sulphur is obtained in sample 4. The UV -Vis spectra of the sample 4 show a fairly good absorption of radiation in this range. The band gap of the sample calculated from the UV -Vis spectra is found to be 3.67eV. The PL spectra recorded at room temperature for the same sample, with an excitation wavelength of 300nm, reveals weak emission peaks centered around 350 nm, a high intense peak around 425nm and weaker peaks at 570nm. The emission peak around 350nm can be due to exciton recombination . The PL peak centered around 425nm may be caused by the recombination between the sulphur-vacancy related donor and the valence band . The weak orange emission peak at 570nm may have originated from transitions due to deep -level defects.
